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PRELIMINARY AMENDMENT 



This Prehminary Amendment is filed with the filing of the missing parts in the above 
case, which claims priority from an application filed in Germany as 101 10 358.1 on 27 February 
2001. The fees for the claims should be calculated based on the claims remaining after the entry 
of this Prehminary Amendment, which results in 26 total and 3 independent claims. Because the 
initial specification filed was in German and a verified translation is provided herewith, a 
substitute specification under 37 CFR §1.125 is provided instead of a clean copy of the 
amendments made below. 



Amendments to the Disclosure 

The specification as filed has been altered from the literal translation document received 
to delete information above the title, to insert headings according to US practice, and to insert 
paragraph numbering in lieu of line numbering. No new matter has been added. 

Amendments to the Abstract 

Please amend the Abstract as follows: 

An [The invention concerns an] optical method and an associated device is provided for 
characterization of particulate systems, with which the particles present in a particulate system, 
for example a clean room, can be detected in respect of quantity and size and at the same time 
information about the identity of the particles can be provided. An [In accordance with the 
invention an] air flow from the ambient air is guided at a defined speed by a particle feeder past a 
first scattered light measuring unit and the scattered light is detected, the speed of the particle is 
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then reduced and the particle which is moved at the reduced speed in the air flow is identified in 
an identification unit by means of interaction with monochromatic hght. 
The [In accordance with the invention] identification of the particles is effected by combined 
laser-Raman spectroscopy which [, with a short exposure time, by virtue of the use of powerful 
light sources, strong-Hght optics and in particular by the renunciation of high levels of optical 
resolution,] affords results which can be used for automated evaluation. The low level of 
spectral resolution is used to advantage. 

Amendments to the Drawings 

A substitute Figure 2 is presented to translate German legends in to English, as supported 
by the verified translation. 

Amendments to the Claims 

After the heading "CLAIMS" and before the beginning of the claims, please insert the 
words: — What is claimed is: — 

Please amend the claims as follows: 

1 . (amended) An optical method for characterization of particulate systems, wherein 
[characterized in that] an air flow from the ambient air is guided at a defined speed by a particle 
feeder past a first scattered light measuring unit and the scattered light is detected, the speed of 
the particle is then reduced and the particle which is moved at the reduced speed in the air flow is 
identified in an identification unit by means of interaction with monochromatic light. 

2. (amended) The [A] method of claim 1, wherein [as set forth in claim 1 characterized in 
that] the scattered light measuring unit triggers the optical system of the identification unit by 
means of a control. 

3. (amended) The [A] method of claim 2, wherein [as set forth in claim 2 characterized in 
that] particles with preselected properties are investigated by means of logical linking of the 
scattered light measuring unit and the optical system of the identification unit. 
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4. (amended) The [A] method of claim 3, wherein [as set forth in one of claims 1 through 3 
characterized in that] identification of the particles is effected by means of combined laser- 
Raman spectroscopy. 

5. (amended) The [A] method of claim 4, wherein [as set forth in one of the preceding 
claims characterized in that] the particle is reduced to such a speed that a measuring time of 
between approximately 1 ms and 1 s is available for the particle. 

6. (amended) The [A] method of claim 5, wherein [as set forth in one of the preceding 
claims characterized in that] the Raman spectra obtained are compared after chemometric 
analysis with a database and associated therewith . 

7. (amended) A device for carrying out a method of optically characterizing particulate 
systems in a flow of an ambient air, [the method as set forth in one of claims 1 through 6] 
comprising^ 

a particle feeder and 

an electronic evaluation unit for characterizing particulate systems, comprising at least 
the following modules [characterized in that the unit for characterization of particulate systems 
comprises module units which include at least]: 

[-] an optical unit for determining the size and number of particles in the [an] air flow [from 

the ambient air], 

[-] a particle brake, 

[-] an optical identification unit for the moved particles contained in the air flow, comprising 
corona discharge, excitation laser and spectrometer units [unit], and 
[-] an electronic control. 



8. (amended) The [A] device of claim 7, wherein [as set forth in claim 7 characterized in 
that] the particle brake is an electromagnetic brake. 
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9. (amended) The [A] device of claim 8, wherein [as set forth in claim 7 or claim 8 
characterized in that] the optical identification unit comprises [includes] a narrow-band light 
source and an NIR multichannel spectrometer. 

10. (amended) The [A] device of claim 9, wherein [as set forth in claim 9 characterized in] 
the light source is a monochromatic light source. 

1 1 . (amended) The [A] device of claim 10, wherein [as set forth in one of claims 7 through 
1 0 characterized in that] the spectrometer unit comprises at least one microspectrometer. 

12. (amended) The [A] device of claim 11, wherein said at least one [as set forth in claim 1 1 
characterized in that] the microspectrometer is arranged in such a way to achieve [that] spectral 
resolution of at least fifteen wave numbers [is achieved]. 

13. (amended) The [A] device of claim 1 1 , wherein [as set forth in one of claims 7 through 

12 characterized in that] the microspectrometer of the optical identification unit is replaced by 
other suitable spectroscopic devices in dependence on the particles to be analyzed. 

14. (amended) The [A] device of claim 12, wherein [as set forth in one of claims 7 through 

13 characterized in that] the electronic control comprises [is an electronic control which 
includes] a programmable AD-converter card with integrated processor and an integrated control 
program. 

Please add the following new claims: 

15. (new) The device of claim 7, wherein the optical identification unit comprises a narrow- 
band light source and an NIR multichannel spectrometer. 

16. (new) The device of claim 15, wherein the light source is a monochromafic light source. 

17. (new) The device of claim 7, wherein the spectrometer unit comprises at least one 
microspectrometer. 
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18. (new) The device of claim 7, wherein the electronic control comprises a programmable 
AD-converter card with integrated processor and an integrated control program. 

19. (new) An optical method for the characterizing a particulate system in a flow of an 
ambient air, the method comprising the steps of: 

guiding at a defined speed the air flow containing particles fi-om the ambient air by a 
particle feeder past a first scattered light measuring unit; 

detecting light scattered by the particles in the first measuring unit: 
reducing the speed of the particles; and 

identifying the reduced speed particles in the air flow in an identification unit by means 
of interaction with monochromatic light. 

20. (new) The method of claim 19, wherein the step of detecting scattered light in the 
scattered light measuring unit triggers a control in the identification unit. 

21. (new) The method of claim 20, wherein the particles having preselected properties are 
investigated by means of the combination of the scattered light measuring unit and the optical 
system of the identification unit. 

22. (new) The method as of claim 21, wherein the identifying step is effected by a combined 
laser-Raman spectroscopy. 

23. (new) The method of claim 22, wherein the speed reducing step reduces the particle to 
such a speed to provide a measuring time of between 1 millisecond and 1 second. 

24. (new) The method of claim 22, wherein the identifying step further comprises comparing 
and associating the Raman spectra obtained after chemometric analysis with a database. 

25. (new) The method as of claim 19, wherein the identifying step is effected by a combined 
laser-Raman spectroscopy. 
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26. (new) The method of claim 19, wherein the speed reducing step reduces the particle to 
such a speed to provide a measuring time of between 1 miUisecond and 1 second. 
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REMARKS 

The above claims have been amended to more closely correspond them to United States 
claiming practice, namely, by removing multiple dependencies, especially improper multiple 
dependencies, by removing reference numerals, and by clarifying antecedent basis issues. These 
amendments to the claims are fully supported by the literal translation into English of the 
specification as filed in Germany, and they do not introduce new subject matter. 

None of the above claims are narrower than the multiple dependent claims from which 
they are drawn and represent only content already claimed in the specification as originally filed. 

Respectfully submitted, 

Stephen L. Grant 

Reg. No. 33,390 

Hahn Loeser & Parks LLP 

1225 W. Market St. 

Akron, OH 44313 

330-864-5550 

Fax 330-864-7986 

Email: Grant(a).oldhamlaw.com 

Customer No. 021324 





OPTf^L METHJgrt) FOR CHARACTERIZATION OF PARTICULATE SYSTEMS AND 

DEVICE FOR CARRYING OUT THE METHOD 

[0001] The invention concerns an optical nnethod for characterization of 
particulate systems, in particular for clean room monitoring, with which the particles 
present in a particulate system, for example a clean room, can be detected in respect 
of quantity and size and at the same time information about the identity of the 
particles can be provided. The invention also concerns a device for carrying out the 
method. The method and the associated device make it possible for example to 
implement preventative quality assurance in clean rooms. 

Background of the Art 
[0002] Because of the increasing miniaturization of products, the electronics 
industry involves very high demands in terms of the purity and cleanliness of the 
gases involved in the production process. If the product structures are of the same 
order of magnitude as the diameters of the particles to be encountered in the gases, 
they act as "killer particles" in the production process. The cleanliness demands in 
terms of the room air in the production processes in the electronics industry are 
therefore becoming more and more strict and require knowledge about the origin, 
movement and substance composition of the particles. At the present time in 
principle two different methods are used for particle measurement and particle 
analysis separately from each other. 

[0003] So-called particle counters are used for determining the level of particle 
concentration in the clean room air. These involve measuring devices which are 
capable of continuously measuring an air sample from the clean room. These can be 
measuring devices which by way of an optical method can detect particles to a size of 
0.1 i^im and can attribute them to given size categories. Special particle counters, so- 
called condensation nucleus counters, permit the measurement of particles to a size of 
0.05 |Lim. That is made possible by virtue of the fact that particles are increased in 
size due to condensation of a liquid and are measured thereafter. 
[0004] The particle counters serve exclusively for counting the particles, and 
analysis of the material composition of the particles is not possible. The measured 



particles are also no longer available for later analysis with other measurement 
systems as the sample volume is abandoned after flowing through the measuring 
device. It is therefore necessary to take another sample again, for further analysis 
procedures. 

[0005] There are numerous measuring devices for particle analysis, which make 
it possible to establish the material composition of particles. Those measuring devices 
operate inter alia on the basis of the principle of electron-laser spectroscopy. The 
measurement systems are generally disposed in separate laboratories because 
generally they are not suitable for a clean room situation and they require very 
difficult sample preparation. Direct analysis of the particles in the clean room air is 
not possible with those devices. 

[0006] At the present time there is a method in the course of development, 
which can analyze both the number and size of particles and also the particle 
composition. That method is based on the mass-spectroscopic analysis of particles 
which were ionized by means of UV-lasers. That technology however is not suitable 
for a clean room situation by virtue of the oil pumps used. In addition the size of the 
measuring unit does not permit mobile use thereof and it will probably be very 
expensive. 

[0007] The object of the present invention is to develop a method and an 
associated device for detecting in respect of quantity and size and simultaneously 
determining the identity of the particles present in a particulate system, in particular 
in a clean room, which permits automatic online operation, which is suitable for a 
clean room situation, which is inexpensive and industry-standardized and which can 
be put to mobile use. 

Summary of the Invention 
[0008] In accordance with the invention that object is attained by an optical 
method for characterization of particulate systems as set forth in claim 1 and a device 
for carrying out the method as set forth in claim 7. 

[0009] In accordance with the invention an air flow comprising the ambient air is 
guided at a defined speed through a particle feeder past a first scattered light 
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measuring unit and the scattered light is detected, the speed of the particle is then 
reduced and the particle which is moved at the reduced speed is identified in the air 
flow in an identification unit by means of interaction with monochromatic light. 
[0010] It is possible for the first time with that method to quantitatively detect 
the particles present in a clean room and at the same time to provide information 
about the identity of the particles. This therefore provides the clean room operators 
with a tool which for the first time makes it possible to implement preventative quality 
assurance and thus to very substantially satisfy the rising demands in terms of 
cleanliness of the room air used in the electronic production process. 
[0011] In a preferred configuration of the invention the optical system of the 
identification unit, the spectrometer unit, is triggered by way of an electronic control 
by the scattered light measuring unit. By virtue thereof, it is possible in the analysis 
step following the particle size determining operation, if required, to identify only 
particles in a preselected range, that is to say for example only particles of a given 
diameter or in a given diameter range. 

[0012] The selection criteria can be determined and selected under software 
control by means of the electronic control. Such a selection option is particularly 
advantageous in terms of using the identification unit in particle-rich environments. 
[0013] In accordance with the invention, identification of the particles is effected 
by combined laser-Raman spectroscopy which, with a short exposure time, by virtue 
of the use of high-power light sources, strong-light optics and in particular by virtue of 
foregoing high levels of optical resolution (normally 4 cm"\ here 12-24 cm"^), affords 
results which are usable for automated evaluation. The low level of spectral resolution 
is used to advantage. 

[0014] The reduction of the speed of the particles to a residence time of about 1 
ms to about 1 s in the second laser beam serves to obtain vibration spectra which 
show all spectral features and which are suitable for automated evaluation. Signals 
which are obtained without the speed reduction of the particle are not sufficient for 
identification in the predominant number of cases as the noise increases greatly and 
therefore automated evaluation of the spectra becomes impossible. 
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[0015] The Raman spectra obtained are electronically filtered and investigated 
for spectral features (peaks) and the peak table obtained is finally compared to a 
database which contains corresponding reference tables and the substance identified. 
[0016] The device according to the invention comprises module units which 
include at least the following elements: 

- an optical unit for determining the size and number of particles in an air flow 
from the ambient air, 

- a particle brake, 

- an optical identification unit for the moved particles contained in the air flow, 
comprising corona discharge, excitation laser and spectrometer unit, and 

- an electronic control. 

[0017] The modular structure of the system is an essential point of view as on 
the one hand it permits further development and application in wider areas of use 
while on the other hand it permits the replacement of individual modules by other 
suitable ones according to the properties of the particles to be identified. Thus for 
example different demands can be made on the spectrometer unit, depending on 
whether organic impurities or biotic particles have to be identified. For example, a 
resonance Raman module would be used for the identification of biotic particles, either 
jointly with the Raman module or instead of the Raman module. 

[0018] In addition the system is preferably in the form of a mobile unit, 
involving dimensions of a maximum of about 1 x 2 x 1 m and of a weight of about 40 
kg so that use can take place directly at the location to be sampled and the samples 
do not have to be sent to analysis laboratories. That for example makes it possible to 
implement preventative clean room monitoring. 

[0019] The light source of the identification unit is preferably a narrow-band 
light source, preferably a monochromatic light source. The spectrometer unit of the 
identification unit is preferably formed from an NIR multichannel spectrometer. The 
multichannel spectrometer preferably has about 255 detectors and preferably has a 
measuring range of approximately 900 - 1,900 nm. That technology is inexpensive 
and permits the desired small dimensions for the entire measuring device. 
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[0020] By virtue of the only short available measuring tinnes of between 1 ms 
and 1 s, particular demands are to be made on the light source. A particularly 
suitable light source has been found to be a narrow-band light source, preferably a 
monochromatic light source with a high power output. It is however also possible to 
use other suitable laser light sources, for example multimode laser diodes, wide-band 
laser diodes and pulsed laser light sources. 

[0021] By virtue of the renunciation of resolution and the use of simple 
components, this new technology combines laser spectroscopy with the simplicity and 
convenience of other optical methods, for example NIR spectroscopy. In contrast to 
FT spectroscopy that permits the very short measurement times specified. 
[0022] The electronic control, on the basis of predetermined parameters such as 
for example the size of the particle, after interaction with the first scattered light 
measuring unit, decides whether the particle is or is not analyzed in the identification 
unit. Fo'' that purpose, reading-out is effected by way of a programmable AD- 
converter card with integrated processor, preferably an 80x86 processor, at a 
frequency of about 20 kHz, the size or the refractive index is ascertained by means of 
the integrated program and compared to the preset value. If the particle falls in the 
range which is of interest, a trigger signal is sent to the identification unit, whereupon 
the particle is characterized. 

[0023] Use of the integrated AD-converter card gives a very high level of system 
safety and security. Use of the electronic circuit basically permits use of the described 
system in particle-rich environments in which the identification unit, without 
preselection, would be overloaded. 

Brief Description of the Drawings 
[0024] The invention will be described hereinafter by means of an embodiment. 
In the accompanying drawings: 

[0025] Figure 1 is a diagrammatic view of the module units and the co-operation 
thereof, and 

[0026] Figure 2 shows vibration spectra involving conventional Raman 
technology and NIR-Raman technology according to the invention. 
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[0027] The method and the device according to the invention which is used for 
carrying out the method are to be presented by way of example in terms of the 
identification of a polymer microparticle of a size of between 0.5 i^m and 15 f^m, which 
is typical for contamination in clean rooms. 

[0028] Contamination in a clean room, for example of the 1,000 category, is 
sucked in by a pump and converted by means of a nozzle and a particle feeder 1 into 
an individual particle flow. 

[0029] In this situation the particle 10 generally acquires a speed of 
approximately 10 mm/s. That particle 10 now passes the first laser beam LI which is 
emitted for example by an HeNe-laser 2 with approximately 20 mW output power and 
focused at 50 jum. The scattered light is detected in dependence on angle and 
evaluated to determine the particle size in accordance with the known theory of elastic 
light scatter (Mie theory). If a selection of given particles is to be effected, for 
example in accordance with a given diameter, the laser 2, upon fulfillment of the 
selection properties by the detected particle, sends a trigger signal by way of a control 
3 to the downstream-connected identification unit which comprises a corona discharge 
4, an excitation laser 5 and a spectrometer unit 6. The selectable properties of the 
particles can be preselected by means of software at the electronic control 3. That 
selection technology is particularly advantageous in regard to use of the identification 
unit in particle-rich environments. If no selection is to be effected the trigger signal is 
sent at each detected particle 10. 

[0030] After detection and determination of size by the first laser 2 the particle 
10 passes the corona discharge 4 which is operated for example at 10,000 V. In this 
case the particle 10 is occupied with charge proportionally to the surface area. In a 
downstream-disposed electromagnetic field, a so-called electromagnetic brake 7, the 
particle 10 is decelerated to a speed of about 1 mm/s, thus affording a resonance time 
of the particle 10 in the second laser beam L2 of about 10 ms. The laser beam L2 is 
preferably produced by a semiconductor laser 5 with a wavelength of 780 nm and an 
output power of 300 mW and focused to 10 ^im beam diameter. 

[0031] The light which is inelastically scattered in that period is detected after 
suppression of the excitation wavelength by means of a holographic notch filter by 
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between one and three minispectrometers 6, the geometrical arrangennent of which is 
such that spectra are obtained with a resolution of 12 cnn"^ over a wavelength range of 
200 - 4,000 cm'^ relative to the excitation wavelength. The vibration spectrum 
obtained in that way in the range of 200 - 4,000 cm'^ is electronically filtered and 
investigated for spectral features (peaks). 

[0032] The peak table obtained is finally compared to a database 8 which 
contains the necessary reference tables and the substance of the particle 10 
identified. 

[0033] Figure 2 shows the spectrum of a palmitic acid particle which was used as 
a test system. It is of a diameter of about 4 }xm and was recorded once with a 
residence time in the second laser beam L2 of 10 ms and once with a shorter 
residence time, that is to say without braking of the particle 10. The lower spectrum 
shows the recording with conventional Raman technology and the upper spectrum 
shows that with a short exposure time of 10 ms and a resolution of 12 cm'^ with the 
procedure according to the invention on an individual particle. With a short exposure 
time, all spectral features can be recognized, and the noise is markedly more 
pronounced. 

[0034] In the predominant number of cases, the signal which is obtained without 
use of the electromagnetic brake, that is to say without a prolongation of the available 
measuring time, is not sufficient for identification as the noise increases greatly and 
therefore automated evaluation becomes impossible. 
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CLAIMS 

What is claimed is: 

1. An optical method for characterization of particulate systems, wherein an air 
flow from the ambient air is guided at a defined speed by a particle feeder past a first 
scattered light measuring unit and the scattered light is detected, the speed of the 
particle is then reduced and the particle which is moved at the reduced speed in the 
air flow is identified in an identification unit by means of interaction with 
monochromatic light. 

2. The method of claim 1, wherein the scattered light measuring unit triggers the 
optical system of the identification unit by means of a control. 

3. The method of claim 2, wherein particles with preselected properties are 
investigated by means of logical linking of the scattered light measuring unit and the 
optical system of the identification unit. 

4. The method of claim 3, wherein identification of the particles is effected by 
means of combined laser-Raman spectroscopy. 

5. The method of claim 4, wherein the particle is reduced to such a speed that a 
measuring time of between approximately 1 ms and 1 s is available for the particle. 

6. The method of claim 5, wherein the Raman spectra obtained are compared 
after chemometric analysis with a database and associated therewith. 

7. A device for carrying out a method of optically characterizing particulate 
systems in a flow of an ambient air, comprising: 

a particle feeder and 

an electronic evaluation unit for characterizing particulate systems, comprising 
at least the following modules: 
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an optical unit for deternnining the size and number of particles in the air flow, 
a particle brake, 

an optica! identification unit for the moved particles contained in the air flow, 

comprising corona discharge, excitation laser and spectrometer units, and 
an electronic control. 

8. The device of claim 7, wherein the particle brake is an electromagnetic brake. 

9. The device of claim 8, wherein the optical Identification unit comprises a 
narrow-band light source and an NIR multichannel spectrometer. 

10. The device of claim 9, wherein the light source is a monochromatic light source. 

11. The device of claim 10, wherein the spectrometer unit comprises at least one 
microspectrometer. 

12. The device of claim 11, wherein said at least one the microspectrometer is 
arranged in such a way to achieve spectral resolution of at least fifteen wave 
numbers. 

13. The device of claim 11, wherein the microspectrometer of the optical 
identification unit is replaced by other suitable spectroscopic devices in dependence on 
the particles to be analyzed. 

14. The device of claim 12, wherein the electronic control comprises a 
programmable AD-converter card with integrated processor and an integrated control 
program. 

15. The device of claim 7, wherein the optical identification unit comprises a 
narrow-band light source and an NIR multichannel spectrometer. 
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16. The device of claim 15, wherein the light source is a monochromatic light 
source. 

17. The device of claim 7, wherein the spectrometer unit comprises at least one 
microspectrometer. 

18. The device of claim 7, wherein the electronic control comprises a programmable 
AD-converter card with integrated processor and an integrated control program. 

19. An optical method for the characterizing a particulate system in a flow of an 
ambient air, the method comprising the steps of: 

guiding at a defined speed the air flow containing particles from the ambient air 
by a particle feeder past a first scattered light measuring unit; 

detecting light scattered by the particles in the first measuring unit: 
reducing the speed of the particles; and 

identifying the reduced speed particles in the air flow in an identification unit by 
means of interaction with monochromatic light. 

20. The method of claim 19, wherein the step of detecting scattered light in the 
scattered light measuring unit triggers a control in the identification unit. 

21. The method of claim 20, wherein the particles having preselected properties are 
investigated by means of the combination of the scattered light measuring unit and 
the optical system of the identification unit. 

22. The method as of claim 21, wherein the identifying step is effected by a 
combined laser-Raman spectroscopy. 

23. The method of claim 22, wherein the speed reducing step reduces the particle 
to such a speed to provide a measuring time of between 1 millisecond and 1 second. 
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24. The method of claim 22, wherein the identifying step further comprises 
comparing and associating the Raman spectra obtained after chemometric analysis 
with a database. 

25. The method as of claim 19, wherein the identifying step is effected by a 
combined laser-Raman spectroscopy. 

26. The method of claim 19, wherein the speed reducing step reduces the particle 
to such a speed to provide a measuring time of between 1 millisecond and 1 second. 
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Abstract 

An optical method and an associated device is provided for cinaracterization of 
particulate systenns, with which the particles present in a particulate systenn, for 
example a clean room, can be detected in respect of quantity and size and at the 
same time information about the identity of the particles can be provided. An air flow 
from the ambient air is guided at a defined speed by a particle feeder past a first 
scattered light measuring unit and the scattered light is detected, the speed of the 
particle is then reduced and the particle which is moved at the reduced speed in the 
air flow is identified in an identification unit by means of interaction with 
monochromatic light. The identification of the particles is effected by combined laser- 
Raman spectroscopy which affords results which can be used for automated 
evaluation. The low level of spectral resolution is used to advantage. 
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The invention concerns an optical method for characterization of 
particulate systems, in particular for clean room monitoring, with which 
the particles present in a particulate system, for example a clean room, 
can be detected in respect of quantity and size and at the same time 
5 information about the identity of the particles can be provided. The 
invention also concerns a device for carrying out the method. The method 
and the associated device make it possible for example to implement 
preventative quality assurance in clean rooms. 

Because of the increasing miniaturization of products, the 

10 electronics industry involves very high demands in terms of the purity and 
cleanliness of the gases involved in the production process. If the product 
structures are of the same order of magnitude as the diameters of the 
particles to be encountered in the gases, they act as ''killer particles" in 
the production process. The cleanliness demands in terms of the room air 

15 in the production processes in the electronics industry are therefore 
becoming more and more strict and require knowledge about the origin. 



movement and substance composition of the particles. At the present 
time in principle two different methods are used for particle measurement 
and particle analysis separately from each other. 

So-called particle counters are used for determining the level of 
5 particle concentration in the clean room air. These involve measuring 
devices which are capable of continuously measuring an air sample from 
the clean room. These can be measuring devices which by way of an 
optical method can detect particles to a size of 0.1 ^m and can attribute 
them to given size categories. Special particle counters, so-called 
10 condensation nucleus counters, permit the measurement of particles to a 
size of 0.05 |im. That is made possible by virtue of the fact that particles 
are increased in size due to condensation of a liquid and are measured 
thereafter. 

The particle counters serve exclusively for counting the particles, 

15 and analysis of the material composition of the particles is not possible. 
The measured particles are also no longer available for later analysis with 
other measurement systems as the sample volume is abandoned after 
flowing through the measuring device. It is therefore necessary to take 
another sample again, for further analysis procedures. 

20 There are numerous measuring devices for particle analysis, which, 

make it possible to establish the material composition of particles. Those 
measuring devices operate inter alia on the basis of the principle of 
electron-laser spectroscopy. The measurement systems are generally 
disposed in separate laboratories because generally they are not suitable 

25 for a clean room situation and they require very difficult sample 
preparation. Direct analysis of the particles in the clean room air is not 
possible with those devices. 

At the present time there is a method in the course of development, 
which can analyze both the number and size of particles and also the 

30 particle composition. That method is based on the mass-spectroscopic 
analysis of particles which were ionized by means of UV-lasers, That 
technology however is not suitable for a clean room situation by virtue of 
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the oil pumps used. In addition the size of the measuring unit does not 
permit mobile use thereof and it will probably be very expensive. 

The object of the present invention is to develop a method and an 
associated device for detecting in respect of quantity and size and 
5 simultaneously determining the identity of the particles present in a 
particulate system, in particular in a clean room, which permits automatic 
online operation, which is suitable for a clean room situation, which is 
inexpensive and industry-standardized and which can be put to mobile 
use. 

10 In accordance with the invention that object is attained by an 

optical method for characterization of particulate systems as set forth in 
claim 1 and a device for carrying out the method as set forth in claim 7. 

In accordance with the invention an air flow comprising the ambient 
air is guided at a defined speed through a particle feeder past a first 

15 scattered light measuring unit and the scattered light is detected, the 
speed of the particle is then reduced and the particle which is moved at 
the reduced speed is identified in the air flow in an identification unit by 
means of interaction with monochromatic light. 

It is possible for the first time with that method to quantitatively 

20 detect the particles present in a clean room and at the same time to 
provide information about the identity of the particles. This therefore 
provides the clean room operators with a tool which for the first time 
makes it possible to implement preventative quality assurance and thus to 
very substantially satisfy the rising demands in terms of cleanliness of the 

25 room air used in the electronic production process. 

In a preferred configuration of the invention the optical system of 
the identification unit, the spectrometer unit, is triggered by way of an 
electronic control by the scattered light measuring unit. By virtue thereof, 
it is possible in the analysis step following the particle size determining 

30 operation, if required, to identify only particles in a preselected range, 
that is to say for example only particles of a given diameter or in a given 
diameter range. 
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The selection criteria can be determined and selected under 
software control by means of the electronic control. Such a selection 
option is particularly advantageous in terms of using the identification unit 
in particle-rich environments. 
5 In accordance with the invention, identification of the particles is 

effected by combined laser-Raman spectroscopy which, with a short 
exposure time, by virtue of the use of high-power light sources, strong- 
light optics and in particular by virtue of foregoing high levels of optical 
resolution (normally 4 cm'\ here 12-24 cm^), affords results which are 

10 usable for automated evaluation. The low level of spectral resolution is 
used to advantage. 

The reduction of the speed of the particles to a residence time of 
about 1 ms to about 1 s in the second laser beam serves to obtain 
vibration spectra which show all spectral features and which are suitable 

15 for automated evaluation. Signals which are obtained without the speed 
reduction of the particle are not sufficient for identification in the 
predominant number of cases as the noise increases greatly and therefore 
automated evaluation of the spectra becomes impossible. 

The Raman spectra obtained are electronically filtered and 

20 investigated for spectral features (peaks) and the peak table obtained is 
finally compared to a database which contains corresponding reference 
tables and the substance identified. 

The device according to the invention comprises module units which 
Include at least the following elements: 

25 - an optical unit for determining the size and number of particles in 

an air flow from the ambient air, 

- a particle brake, 

- an optical identification unit for the moved particles contained in 
the air flow, comprising corona discharge, excitation laser and 

30 spectrometer unit, and 

- an electronic control. 
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The modular structure of the system is an essential point of view as 
on the one hand it permits further development and application in wider 
areas of use while on the other hand it permits the replacement of 
individual modules by other suitable ones according to the properties of 
5 the particles to be identified. Thus for example different demands can be 
made on the spectrometer unit, depending on whether organic impurities 
or biotic particles have to be identified. For example, a resonance Raman 
module would be used for the identification of biotic particles, either 
jointly with the Raman module or instead of the Raman module. 

10 In addition the system is preferably in the form of a mobile unit, 

involving dimensions of a maximum of about 1 x 2 x 1 m and of a weight 
of about 40 kg so that use can take place directly at the location to be 
sampled and the samples do not have to be sent to analysis laboratories. 
That for example makes it possible to implement preventative clean room 

15 monitoring. 

The light source of the identification unit is preferably a narrow- 
band light source, preferably a monochromatic light source. The 
spectrometer unit of the identification unit is preferably formed from an 
NIR multichannel spectrometer. The multichannel spectrometer 

20 preferably has about 255 detectors and preferably has a measuring range 
of approximately 900 - 1,900 nm. That technology is inexpensive and 
permits the desired small dimensions for the entire measuring device. 

By virtue of the only short available measuring times of between 1 
ms and 1 s, particular demands are to be made on the light source. A 

25 particularly suitable light source has been found to be a narrow-band light 
source, preferably a monochromatic light source with a high power output. 
It is however also possible to use other suitable laser light sources, for 
example multimode laser diodes, wide-band laser diodes and pulsed laser 
light sources. 

30 By virtue of the renunciation of resolution and the use of simple 

components, this new technology combines laser spectroscopy with the 
simplicity and convenience of other optical methods, for example NIR 
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spectroscopy. In contrast to FT spectroscopy that pernnits the very short 
measurennent times specified. 

The electronic control, on the basis of predetermined parameters 
such as for example the size of the particle, after interaction with the first 
5 scattered light measuring unit, decides whether the particle is or is not 
analyzed in the identification unit. For that purpose, reading-out is 
effected by way of a programmable AD-converter card with integrated 
processor, preferably an 80x86 processor, at a frequency of about 20 kHz, 
the size or the refractive index is ascertained by means of the integrated 
10 program and compared to the preset value. If the particle falls in the 
range which is of interest, a trigger signal is sent to the identification unit, 
whereupon the particle is characterized. 

Use of the integrated AD-converter card gives a very high level of 
system safety and security. Use of the electronic circuit basically permits 
15 use of the described system in particle-rich environments in which the 
identification unit, without preselection, would be overloaded. 

The invention will be described hereinafter by means of an 
embodiment. In the accompanying drawings: 

Figure 1 is a diagrammatic view of the module units and the co- 
20 operation thereof, and 

Figure 2 shows vibration spectra involving conventional Raman 
technology and NIR-Raman technology according to the invention. 

The method and the device according to the invention which is used 
for carrying out the method are to be presented by way of example in 
25 terms of the identification of a polymer microparticle of a size of between 
0.5 ^im and 15 i^m, which is typical for contamination in clean rooms. 

Contamination in a clean room, for example of the 1,000 category, 
is sucked in by a pump and converted by means of a nozzle and a particle 
feeder 1 into an individual particle flow. 
30 In this situation the particle 10 generally acquires a speed of 

approximately 10 mm/s. That particle 10 now passes the first laser beam 
LI which is emitted for example by an HeNe-laser 2 with approximately 
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20 mW output power and focused at 50 yim. The scattered light is 
detected in dependence on angle and evaluated to determine the particle 
size in accordance with the known theory of elastic light scatter (Mie 
theory). If a selection of given particles is to be effected, for example in 
5 accordance with a given diameter, the laser 2, upon fulfillment of the 
selection properties by the detected particle, sends a trigger signal by way 
of a control 3 to the downstream-connected identification unit which 
comprises a corona discharge 4, an excitation laser 5 and a spectrometer 
unit 6. The selectable properties of the particles can be preselected by 

10 means of software at the electronic control 3. That selection technology is 
particularly advantageous in regard to use of the identification unit in 
particle-rich environments. If no selection is to be effected the trigger 
signal is sent at each detected particle 10. 

After detection and determination of size by the first laser 2 the 

15 particle 10 passes the corona discharge 4 which is operated for example 
at 10,000 V. In this case the particle 10 is occupied with charge 
proportionally to the surface area. In a downstream-disposed 
electromagnetic field, a so-called electromagnetic brake 7, the particle 10 
is decelerated to a speed of about 1 mm/s, thus affording a resonance 

20 time of the particle 10 in the second laser beam L2 of about 10 ms. The 
laser beam L2 is preferably produced by a semiconductor laser 5 with a 
wavelength of 780 nm and an output power of 300 mW and focused to 10 
iam beam diameter. 

The light which is inelastically scattered in that period is detected 
25 after suppression of the excitation wavelength by means of a holographic 
notch filter by between one and three minispectrometers 6, the 
geometrical arrangement of which is such that spectra are obtained with a 
resolution of 12 cm"^ over a wavelength range of 200 - 4,000 cm"^ relative 
to the excitation wavelength. The vibration spectrum obtained in that way 
30 in the range of 200 - 4,000 cm'^ is electronically filtered and investigated 
for spectral features (peaks). 
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The peak table obtained is finally compared to a database 8 which 
contains the necessary reference tables and the substance of the particle 
10 identified. 

Figure 2 shows the spectrunn of a palmitic acid particle which was 
5 used as a test system. It is of a diameter of about 4 ^m and was 

recorded once with a residence time in the second laser beam L2 of 10 ms 
and once with a shorter residence time, that is to say without braking of 
the particle 10. The lower spectrum shows the recording with 
conventional Raman technology and the upper spectrum shows that with 

10 a short exposure time of 10 ms and a resolution of 12 cm'^ with the 
procedure according to the invention on an individual particle. With a 
short exposure time, all spectral features can be recognized, and the noise 
is markedly more pronounced. 

In the predominant number of cases, the signal which is obtained 

15 without use of the electromagnetic brake, that is to say without a 
prolongation of the available measuring time, is not sufficient for 
identification as the noise increases greatly and therefore automated 
evaluation becomes impossible. 
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CLAIMS 

1. An optical method for characterization of particulate systems, 
characterized in that an air flow from the ambient air is guided at a 
defined speed by a particle feeder past a first scattered light measuring 
unit and the scattered light is detected, the speed of the particle is then 
reduced and the particle which is moved at the reduced speed in the air 
flow is identified in an identification unit by means of interaction with 
monochromatic light. 

2. A method as set forth in claim 1 characterized in that the 
scattered light measuring unit triggers the optical system of the 
identification unit by means of a control. 

3. A method as set forth in claim 2 characterized in that 
particles with preselected properties are investigated by means of logical 
linking of the scattered light measuring unit and the optical system of the 
identification unit. 

4. A method as set forth in one of claims 1 through 3 
characterized in that identification of the particles is effected by means of 
combined laser-Raman spectroscopy. 

5. A method as set forth in one of the preceding claims 
characterized in that the particle is reduced to such a speed that a 
measuring time of between approximately 1 ms and 1 s is available for 
the particle. 

6. A method as set forth in one of the preceding claims 
characterized in that the Raman spectra obtained are compared after 
chemometric analysis with a database and associated. 
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7. A device for carrying out the method as set forth in one of 
claims 1 through 6 comprising a particle feeder and an electronic 
evaluation unit, characterized in that the unit for characterization of 
particulate systems comprises module units which include at least: 

- an optical unit for determining the size and number of particles in 
an air flow from the ambient air, 

- a particle brake, 

- an optical identification unit for the moved particles contained in 
the air flow, comprising corona discharge, excitation laser and 
spectrometer unit, and 

- an electronic control. 

8. A device as set forth in claim 7 characterized in that the 
particle brake is an electromagnetic brake. 

9. A device as set forth in claim 7 or claim 8 characterized in 
that the identification unit includes a narrow-band light source and an NIR 
multichannel spectrometer. 

10. A device as set forth in claim 9 characterized in the light 
source is a monochromatic light source. 

11. A device as set forth in one of claims 7 through 10 
characterized in that the spectrometer unit comprises at least one 
microspectrometer. 

12. A device as set forth in claim 11 characterized in that the 
microspectrometer is arranged in such a way that spectral resolution of at 
least fifteen wave numbers is achieved. 

13. A device as set forth in one of claims 7 through 12 
characterized in that the microspectrometer of the optical identification 
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unit is replaced by other suitable spectroscopic devices in dependence on 
the particles to be analyzed. 

14. A device as set forth In one of claims 7 through 13 
characterized in that the control is an electronic control which includes a 
progrannnnable AD-converter card with integrated processor and an 
integrated control progrann. 



Abstract 

The invention concerns an optical method and an associated device 
for characterization of particulate systems, with which the particles 
present in a particulate system, for example a clean room, can be 
detected in respect of quantity and size and at the same time information 
about the identity of the particles can be provided. In accordance with 
the invention an air flow from the ambient air is guided at a defined speed 
by a particle feeder past a first scattered light measuring unit and the 
scattered light is detected, the speed of the particle is then reduced and 
the particle which is moved at the reduced speed in the air flow is 
identified in an identification unit by means of interaction with 
monochromatic light. 

In accordance with the invention identification of the particles is 
effected by combined laser-Raman spectroscopy which, with a short 
exposure time, by virtue of the use of powerful light sources, strong-light 
optics and in particular by the renunciation of high levels of optical 
resolution, affords results which can be used for automated evaluation. 
The low level of spectral resolution is used to advantage. 
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